A new technology for fixation of articular cartilage grafts was developed based on laser induced coagulation of a dye doped protein, i.e. bovine serum albumin (BSA) enhanced by indocyanine green (ICG) (0.025% ICG and 60 % BSA). To assess the occurrence of thermally induced damages, histological examination of laser exposed areas of cartilage tissue was performed using live/dead and haematoxylin eosin (HE) staining. Lowest thermally induced injuries were observed microscopically after exposition of cartilage tissue with or without dye doped protein using power density of 5.09 W/cm 2 for 120 s. Increase in power density and/ or duration of laser exposition caused a raise in tissue injuries.
Introduction
Low repair capacity of articular cartilage tissue is a serious problem in many human and veterinary patients. Defects of hyaline cartilage will either not be repaired or will be filled with fibrous cartilage characterised by poor quality and shock-absorbing capacity. One therapeutic option is the implantation of autologous chondrocytes in matrix associated or matrix free grafts. However, fixation of these grafts is still difficult and can cause failure of therapeutic intervention. Pins, made from absorbable materials like polyglycolid (PGA), polydioxanone (PDS) and polylactid (PDA) or titan anchors, are placed in the subchondral bone. Hence, an uncontrolled release of blood and bone marrow in the articular cavity and therefore formation of fibrous cartilage could be a result. Synthetic or fibrin based bonds disturb cellular interaction between implanted graft and tissue margins of the defect [1] . If the transplant is fixated via suture at the cartilaginous defect margins, it may be damaged thereby [2] . Therefore a new fixation technique for cartilage grafts was developed based on laser induced coagulation of a dye doped protein. Only low laser energy is necessary for bonding tissue margins, if a mixture of bovine serum albumin (BSA) and indocyanine green is used [3] . When comparing different mixtures, a sufficient high proportion of bovine serum albumin (60%) and a relative low percentage of dye (0.25 or 0.025%, resp.) was appropriate to yield an optimal coagulation of the protein and a high stability of the soldered junction [4] . This should be accompanied by only low thermally induced damages. To assess the occurrence of these damages, histological examination of laser exposed areas of cartilage tissue was performed using live/dead and haematoxylin eosin (HE) staining.
Methods

Preparation of tissue samples and dye doped protein solder
Articular cartilage tissue samples originating from porcine knee joints of currently slaughtered pigs were included in the investigations. Samples of 10 x 10 x 2 mm in size were cut from the articular cartilage surface of the lateral or medial condylus femoralis and placed in phosphate buffered saline (PBS). In the meantime, small platelets of solder (0.1mm gauge, 3 mm in diameter) were prepared, made from a mixture of 60 % BSA and 0.025 % ICG.
Laser soldering
The platelets were centrally placed on the surface of the cartilage tissue samples (Image 1). Then, tissue samples were treated by laser irradiation of 5.09 or 10.19 W/cm2 power density using a diode laser (modified Linea 10D, Intros GmbH, Heiligenstadt, Germany; wavelength 810 nm) with 5 mm spot size, 12 cm distance between laser and tissue, with or without dye doped protein for 120 or 240 s duration of exposition, resp. (Table 1) . Furthermore, cartilage samples (number 10, 11, 12, 13) were immersed in a heated water bath at temperatures of 40°C, 60°C, 80°C, or 100°C, resp., for two minutes. After incubation procedure, histological cuts of 7 µm thickness were prepared and analyzed using fluorescence microscope (Jenamed completed with fluorescence device, Carl Zeiss GmbH, Jena, Germany). All steps of sample preparation, laser irradiation, staining, cutting, and analysis were performed within eight hours after slaughtering of the pigs. Standard histology slices were prepared from formalin fixed tissue samples. Those were dehydrated, embedded in paraffin, machine-cut into histological slices, and put on microscope slides. Thereafter, paraffin was removed and the slices were stained using hemalaune and eosine (HE staining).
Image 1 Principle of laser soldering by coagulation of dye doped protein
Results
Chondrocytes in the prepared samples 1 and 2 were nearly completely vital and the tissue was regularly (Image 2). Damaged chondrocytes were sporadically found at the surfaces of the tissues (Image 3) of samples 3 to 7. 
Discussion
Live/dead Cytotoxicity/Viability test was well appropriated to demonstrate thermal caused injuries in cartilage tissue after laser exposition. In all tissue samples no alterations were macroscopically visible. However histological examination using live/dead staining demonstrated in some conditions severe injuries in tissue after laser irradiation. Histological findings reveals, that cartilage tissue was not injured due to laser treatment, when the solder was not used. If the solder was used, it was visible in these investigations, that there was positive correlation between increase of laser exposition time and / or power density and raise of injuries, as shown by Haberthür [6] and Züger [7] . Without solder, no laser induced damages occurred, because cartilage tissue does not absorb light at a wavelength of 810 nm. Accordingly, no transformation of laser energy in thermal energy takes place. However, if solder is used, laser energy is absorbed by the dye doped protein, transferred as thermal energy to the tissue and produces thermal injuries in this way [6, 8] . With increasing energy power, produced thermal energy raises and causes augmented thermal injuries [7] . Nearly identical results to the findings of Pearce and Thomson [9] were found in this study. The number of dead chondrocytes rises with temperature until all cells are dead, if the tissue is treated in a heated water bath between 40°C and 100°C. Occurrence of thermal caused injuries was observed between 50°C and 54°C and upwards [7] . However it is possible, that even higher temperatures will not cause irreversible injuries, if the exposition time is comparable short. Then, the number of dead chondrocytes will increase with higher temperatures and exposition time.
Tissue temperature at the junction between the fragments should be around 60°C for getting a sound compromise between inducing thermal injuries and good coagulation, resulting bonding properties of the solder, and the adherence of the tissue fragments [6, 10, 11] . In contrast, too high and too low temperatures will cause injuries and insufficient adherence of tissue, respectively [12, 13] . It is crucial to find the optimal temperature, because coagulation of solder and tissue compounds is precondition for firm junction of high quality [12] . During laser irradiation, albumin of the dye doped solder is melted and placed between the collagen fibrils [12, 14] . After that, polymerisation and linkage between albumin and collagen fibrils occurs [12, 14, 15] . Maximum temperatures at about 100°C were found in the margin area of the solder [7] . Temperature in the tissue decreased with increasing distance to the solder. At a distance of 0.3 mm it reached values below 70°C, caused by loss of energy by thermal conduction in colder areas of the tissue and the solder and by attenuation of laser irradiation during passing the solder [9] . This will protect surrounding areas of cartilage tissue from thermal injuries during laser induced bonding by coagulation of dye doped proteins.
Conclusions
Increase in power density and/ or duration of laser exposition caused a raise in tissue injuries. Live/dead staining is a useful tool for precise detection of induced damages.
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